Thyroid tumor formation in the male mouse induced by fluopyram is mediated by activation of hepatic CAR/PXR nuclear receptors.
Fluopyram, a broad spectrum fungicide, caused an increased incidence of thyroid follicular cell (TFC) adenomas in males at the highest dose evaluated (750ppm equating to 105mg/kg/day) in the mouse oncogenicity study. A series of short-term mechanistic studies were conducted in the male mouse to characterize the mode of action (MOA) for the thyroid tumor formation and to determine if No Observed Effect Levels (NOELs) exist for each key event identified. The proposed MOA consists of an initial effect on the liver by activating the constitutive androstane (Car) and pregnane X (Pxr) nuclear receptors causing increased elimination of thyroid hormones followed by an increased secretion of thyroid stimulating hormone (TSH). This change in TSH secretion results in an increase of TFC proliferation which leads to hyperplasia and eventually adenomas after chronic exposure. Car/Pxr nuclear receptors were shown to be activated as indicated by increased activity of specific Phase I enzymes (PROD and BROD, respectively). Furthermore, evidence of increased T4 metabolism was provided by the induction of phase II enzymes known to preferentially use T4 as a substrate. Additional support for the proposed MOA was provided by demonstrating increased Tsh β transcripts in the pituitary gland. Finally, increased TFC proliferation was observed after 28days of treatment. In these dose-response studies, clear NOELs were established for phase 2 liver enzyme activities, TSH changes and TFC proliferation. Furthermore, compelling evidence for Car/Pxr activation being the molecular initiating event for these thyroid tumors was provided by the absence of the sequential key events responsible for the TCF tumors in Car/Pxr KO mice when exposed to fluopyram. In conclusion, fluopyram thyroid toxicity is mediated by activation of hepatic Car/Pxr receptors and shows a threshold dependent MOA.